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This paper reviews decadal climate variability and predictability and its potential implica-
tions for adaptation decisions with emphasis on the Nordic region. In the North Atlantic 
sector, there is strong decadal to multi-decadal climate variability. The most prominent 
internal mechanisms explaining the variability are the North Atlantic oscillation (NAO) 
and the Atlantic meridional overturning circulation (AMOC). These affect also the climate 
variability in the Nordic region, but their impacts vary depending on local and regional 
conditions. The published studies also indicate that there appears to be potential for pre-
dictability of the decadal climate variations in the North Atlantic sector, mainly due to 
the AMOC variations. This also contributes to the predictability in the Nordic region, 
especially in the coastal areas adjacent to North Atlantic. The conclusions are uncertain at 
the moment, despite the fact that new knowledge is rapidly accumulating. Potential dec-
adal predictability may generally be reduced due to global warming which is the largest 
over the high latitude oceans. For instance, weakening of the AMOC is generally noted 
in warmer world simulations. This may have consequences also on climate in the Nordic 
region, although the response is still uncertain.
Introduction
Adaptation to anthropogenic climate change has 
a typical time perspective of 10 to 30 years into 
the future. This is too far considering the cur-
rent capabilities of weather centres regarding 
seasonal to inter-annual forecasting. At the same 
time, it is too close for the long-term climate 
change projections of climate service centres. 
An entirely new field of Earth science — decadal 
climate prediction — is thus emerging to bridge 
this gap and to provide guidance for planning 
and decision making.
Worldwide climate records contain plenty 
of evidence of climate variations at decadal 
time-scales. Of direct relevance to society, dec-
adal to inter-decadal fluctuations are found in 
atmospheric circulation patterns, precipitation, 
and climate extremes (Keenlyside and Ba 2010). 
One extreme example is the Sahel drought in the 
1980s which had profound effects on ecosystems 
and societies. In fact, the 1980s drought is just 
the latest one in a sequence of recurring events. 
It seems plausible that past and future drought 
events in the Sahel region are linked with the 
atmosphere–ocean–biosphere coupling at multi-
decadal time-scales, driven by the low-frequency 
ocean fluctuations (Held et al. 2005, Zhang and 
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Delworth 2006, Shanahan et al. 2009). Another 
example is the inter-decadal variation associated 
with North Atlantic oscillation such as strong 
changes in wintertime storminess, and European 
and North American surface temperature and 
precipitation (Hurrell et al. 2003). European 
temperature extremes also exhibit multi-decadal 
variations (Beniston and Stephenson 2004). 
Consequently, these events could in principle be 
predicted if the ocean state was known and the 
coupled Earth system models were initialized 
with faithful representations of the true Earth 
system state (Keenlyside et al. 2008). This is in 
sharp contrast to the common practice in long-
term climate simulations which are initialized 
without sophisticated Earth system initial states. 
In these simulations, decadal scale climate vari-
ations appear somewhat realistic but are not in 
close correspondence with the actual variations.
Extensive resources are currently used to 
build decadal climate prediction capabilities in 
U.S., Europe and elsewhere. These aim at using 
climate observations in the context of Earth 
system models to explore the limits of pre-
dictability, formulated as initial value problems 
(Meehl et al. 2009). The initialization method-
ologies bear close resemblance to the data assim-
ilation techniques used in numerical weather 
prediction. These industrial-scale research and 
development lines are beyond capacities of indi-
vidual small nations. By clever networking we 
can however take full advantage of these interna-
tional efforts, and feedback meaningful contribu-
tions in selected areas.
Decadal climate prediction technology is still 
in its infancy. While worldwide developments 
are taking place in key areas of predictive capa-
bilities, basic research is needed to assess the 
level decadal predictability in the Nordic region, 
and its possible implications for preparation of 
adaptation decision. This article will review the 
current knowledge on decadal climate variabil-
ity and potential predictability. The emphasis 
will be on how to interpret this knowledge from 
Nordic region’s viewpoint.
Decadal climate variability
Climate variability can be described with anom-
alies, which are differences between momentary 
states of the climate system and the longer-term 
climatology. Climatology is the mean state com-
puted over months, years, decades or centuries 
(Hurrell and Deser 2009). Climate variability 
may be due to natural internal processes within 
the climate system (internal variability), or to 
variations in natural (volcanic eruptions, solar 
activity) or anthropogenic external forcing.
Climate variations occur at practically all 
conceivable time-scales. Oceans play a crucial 
role in decadal and longer-term climate vari-
ability because the effect of the annual cycle and 
month-to-month variability in the atmospheric 
circulation decays rapidly with depth (Hurrell 
and Deser 2009). The mechanisms behind the 
decadal-to-multi-decadal variability are not well 
understood, but there is some consensus that 
the longer-term variability is driven by internal 
climate variations like the North Atlantic Oscil-
lation (NAO), the El Niño/Southern Oscillation 
(ENSO), the Pacific Decadal Variability (PDV), 
the Atlantic Multi-decadal Variability (AMV) 
and the Atlantic Meridional Overturning Circu-
lation (AMOC).
Decadal climate variability can be studied 
based on observations and climate model simu-
lations. Since direct observational records are 
relatively short and sparse, especially over the 
oceans, modelling studies are often used for 
studying decadal-scale climate fluctuations.
Observed mechanisms of decadal 
climate variability
Changes in naturally-occurring patterns of atmos-
pheric and oceanic climate variability affect large-
scale variations in weather and climate globally 
at inter-annual and longer time-scales (Hurrell 
and Deser 2009). The Atlantic multi-decadal vari-
ability (AMV) or oscillation (AMO) is a mode 
of variability which occurs in the Atlantic Ocean 
and is mainly manifested as sea surface tem-
perature (SST) anomalies (Fig. 1a). AMO has 
been linked to changes in Sahel, North American 
and European precipitation (Sutton and Hodson 
2005), Atlantic hurricane activity and northern 
hemisphere (NH) surface temperature (Zhang et 
al. 2007). AMV has some support in historical 
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Fig. 1. (a) Atlantic Multi-decadal Oscillation (AMO) index, defined as detrended North Atlantic (0–70°N) area 
weighted average sst anomalies, and (b) Pacific Decadal Oscillation (PDO) index, derived as the leading PC of 
monthly detrended SST anomalies in the North Pacific Ocean, poleward of 20°N. Thin lines indicate annual mean 
and thick grey lines give smoothed annual values (smoothed with 21-point binomial filter). The AMO index data 
were obtained from http://www.esrl.noaa.gov/psd/data/correlation/amon.us.long.data and PDO index data from 
http://jisao.washington.edu/pdo/PDO.latest.
observations but there is controversy regarding its 
amplitude and it is estimated to have periods of 
about 40–70 years (e.g. Kushnir 1994, Delworth 
and Mann 2000).
The most prominent mechanism associated 
with AMV is the Atlantic Meridional Overturn-
ing Circulation (AMOC). It is a giant conveyor 
belt that brings warm water northwards into the 
North Atlantic, releases its heat to the atmos-
phere, and returns the cooled water to the south 
(Wood 2008). It consists of a wind-driven part 
and the thermohaline circulation (THC) (Pohl-
mann et al. 2006). There is evidence that the 
strength of this circulation can fluctuate naturally 
over periods of decades and it has the potential 
to influence North Atlantic and European climate 
(e.g. Pohlmann et al. 2006, Shaffrey and Sutton 
2006). Since AMOC can affect the climate at 
multiple time-scales, there has been increasing 
interest in understanding the mechanisms behind 
the AMOC variability.
The North Atlantic Oscillation (NAO) is a 
leading pattern of weather and climate vari-
ability over the northern hemisphere. NAO is 
measured by an index which is defined as a dif-
ference in sea-level pressure between the Azores 
390 Seitola & Järvinen • Boreal env. res. vol. 19
high and the Iceland low (Hurrell 1995). NAO 
fluctuates from one phase to other producing 
large changes in surface air temperature, winds, 
storminess and precipitation over the Atlantic as 
well as the surrounding continents (Hurrell and 
Deser 2009). A positive phase of NAO is associ-
ated with anomalous low pressure in the subarc-
tic and high pressure in subtropics with stronger 
westerly winds and enhanced flow of warm and 
moist air across the North Atlantic and Europe 
(Hurrel 1995).
According to Hurrel (1995), NAO exhib-
its quite strong inter-annual variability, but also 
some considerable decadal to multi-decadal vari-
ability. It has been shown that decadal to multi-
decadal variations coherent with those in NAO 
can be also observed in the ocean (Curry et al. 
1998), which indicates that there exists some 
kind of atmosphere–ocean interaction. However, 
Hurrel and Deser (2009) argued that there is little 
evidence for NAO to vary at any preferred time-
scale: large changes can occur from one winter to 
the next, as well as from one decade to the next. 
In some studies decadal to multi-decadal changes 
in NAO have been linked to SSTs in the tropical 
Atlantic (Okumura et al. 2001) and Indo-Pacific 
region (e.g. Hoerling et al. 2001). Rodwell et al. 
(1999) suggested that NAO variability is mainly 
dependent on North Atlantic SST.
It is not clear which parts of the World 
Ocean drive the low frequency variations of 
NAO. Therefore it is important to take a global 
view on patterns of climate variability when 
considering the possible mechanisms of decadal 
climate variability in the North Atlantic sector. 
Similar decadal to multi-decadal variability as 
in the North Atlantic sector is seen in the North 
Pacific. Pacific Decadal Variability (PDV) or 
Pacific Decadal Oscillation (PDO) is a pattern of 
Pacific climate variability that is manifested as 
positive or negative SST anomalies in the tropi-
cal Pacific and opposite anomalies in the western 
extra-tropical North and South Pacific. The PDO 
index is derived from the monthly detrended 
SST anomalies in the North Pacific (Fig. 1b). 
PDO has been associated with variations in sur-
face temperature and precipitation in the land 
areas at the rim of the Pacific, the Pacific marine 
ecosystem, and the Indian monsoon (Keenlyside 
and Ba 2010).
It has also been shown by Fraedrich and 
Müller (1992) and by Merkel and Latif (2002) 
that there is a significant response of the atmos-
phere over the North Atlantic to ENSO-related 
variations in tropical Pacific SST. ENSO is a 
climate pattern that is related to coupled atmos-
phere–ocean variations: warming (cooling) of 
eastern tropical Pacific SST and high (low) sur-
face pressure in the western tropical Pacific 
(Trenberth et al. 2007). ENSO has an average 
period of five years but since it can influence 
the global circulation patterns far away from the 
tropical Pacific through the atmospheric bridge 
(Liu and Alexander 2007), it is also interesting 
from decadal climate variation point of view.
Inter-decadal climate variations may partly 
result from processes that are external to the 
climate system. These are variations in solar 
activity, volcanic eruptions and anthropogeni-
cally forced changes in greenhouse gas con-
centrations and aerosols. The amplitude of past 
variations in solar forcing is much debated but 
the irradiance variations over the 11-year sun-
spot cycles are quite well known, as they can be 
calibrated against satellite measurements since 
1979 (Gouirand et al. 2007). The climate effects 
of strong volcanic eruptions can persist for about 
a decade (Latif and Keenlyside 2011). How-
ever, volcanic eruptions cannot be predicted but 
because of strong effects, they should be con-
sidered in decadal predictions. Anthropogenic 
changes in greenhouse gases and aerosols are 
an important forcing for climate at longer time-
scales and should be taken into account when 
analysing multi-decadal variability. The role of 
uncertainties in forcing of anthropogenic emis-
sions is anyhow likely to be relatively small at 
decadal time-scales (Meehl et al. 2009).
There is a controversy on how internal vari-
ability and external forcing affect the decadal 
variability. According to some studies natural 
decadal to multi-decadal climate variability has 
a potential to mask or enhance anthropogenic 
climate change, particularly at a regional level 
(e.g. Meehl et al. 2009, Keenlyside and Ba 
2010). On the other hand, unpredictable external 
forcing through explosive volcanic eruptions and 
anomalous solar radiation may offset the internal 
variations (Latif and Keenlyside 2011). The rela-
tive roles of internal and external processes in 
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driving decadal and multi-decadal climate vari-
ations are not well understood and more precise 
quantification is needed. In addition, apart from 
separating the effects of external forcing and 
internal variability on inter-decadal variability, 
nonlinear interaction between these mechanisms 
should also be considered.
Decadal climate variability in modelling 
studies
Climate models can produce climate variability 
to some extent and therefore decadal climate 
variability can also be estimated based on cli-
mate model simulations. There are several stud-
ies that have investigated the contribution of 
AMOC to climate variability. For example, Latif 
et al. (2006a) investigated AMOC by analysing 
relationship between AMOC and SST found in 
global climate models. The strength of AMOC 
was defined as the SST difference between North 
and South Atlantic. Their results indicate that 
the AMOC variations are driven by the low-
frequency variations of NAO through changes in 
the Labrador Sea convection and lag the corre-
sponding variations of NAO by about a decade. 
In a more recent study, Ortega et al. (2012) 
analysed the AMOC variability in an unforced 
present-day control run, two forced runs for the 
last millennium, and two IPCC scenarios with 
ECHO-G atmosphere–ocean general circulation 
model. They suggest that at low frequencies 
(decadal to multi-decadal time-scales) AMOC is 
largely controlled by convection activity south 
of Greenland (Labrador and Irminger Seas) and 
the influence of NAO on AMOC through con-
vection changes in this area is also identified. 
These results are in line with the findings in Latif 
et al. (2006a). In addition to Latif et al. (2006a) 
and Ortega et al. (2012), several other model-
ling studies suggest that AMOC may contribute 
to climate variability at inter-annual and dec-
adal to multi-decadal time-scales (e.g. Delworth 
et al. 1993, Delworth and Mann 2000, Sutton 
and Hodson 2005). However, some observa-
tion-based studies indicate that the NAO–AMO/
AMOC relation calls for further research. For 
example Walter and Graf (2002) identified a 
non-stationary relation between NAO and AMO: 
during the negative phase of AMO, North Atlan-
tic SST is strongly correlated with the NAO 
index, but during the positive phase the correla-
tion is weak. Vukcevic (2011) also showed the 
complexity of AMO–NAO multi-decadal rela-
tionship.
Modelling studies also indicate that external 
forcing has considerable effect on climate varia-
tions at multiple time-scales. For example Bauer 
et al. (2003) estimated the effects of natural 
and anthropogenic external forcing on climate 
variability for the past millennium. Their results 
indicate that the pre-industrial variations in the 
northern hemisphere (NH) temperature at annual 
to multi-centennial scales are predominantly 
caused by solar and volcanic activity. In the 
industrial period, increasing greenhouse gases 
and deforestation additionally affect temperature 
variability. However, Bauer et al. (2003) did 
not take any stand on what is the role of natural 
internal processes on NH temperature variations.
Ineson et al. (2011) investigated solar forcing 
of winter climate variability in NH. An ocean–
atmosphere climate model was driven with 
ultraviolet variations estimated from satellite 
observations of solar variability. Their modelling 
results show that the solar minimum is connected 
to pressure and surface temperature patterns that 
resemble the negative phase of NAO and Arctic 
Oscillation (AO). Ineson et al. (2011) suggested 
that this result could have important implications 
in decadal prediction of the NAO.
Nonlinear interaction between external forc-
ing and internal variability and its effect on inter-
decadal variability is also estimated in model-
ling studies: e.g., in Dunstone et al. (2013) it is 
shown that decadal variability in tropical storm 
frequency is well reproduced through aerosol-
induced north–south shifts in the Hadley cir-
culation and only after incorporating aerosol 
effects in the model. In addition, the sensitivity 
of AMOC to external forcing was investigated 
by Ortega et al. (2012). Their results show that 
starting from the industrial era, increasing green-
house gases have a major impact on AMOC 
weakening. There is also a weak but significant 
signal of AMOC strengthening because of major 
volcanic eruptions. This is due to the fact that 
volcanic eruptions produce colder and saltier 
surface conditions over the main convection 
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regions driving AMOC. The impact of solar 
forcing on AMOC is deemed small.
Decadal climate variability in the Nordic 
region
At northern high latitudes, climate is character-
ized by large inter-annual and inter-decadal vari-
ability. For example, Tietäväinen et al. (2010) 
studied the annual and seasonal mean tempera-
ture climatology in 1847–2008 in Finland and 
showed that there is a distinct division into 
periods of cold and warm years with decadal-
scale fluctuations (Fig. 2). Long-term climate 
variability in the Nordic region can be estimated 
based on observational data and simulations. 
However, the observational record is relatively 
short for estimating decadal-scale variability. 
According to Gouirand et al. (2007) there are 
few proxy-based temperature reconstructions for 
Scandinavia available for the entire millennium 
but they reflect only a fraction of the true climate 
variations and only for certain parts of the year.
The most prominent internal mechanisms 
affecting the climate variability in the Nordic 
region are NAO and AMOC. NAO has a sig-
nificant influence on wintertime temperatures 
and precipitation in the Nordic region. Winters 
with positive the NAO index are associated with 
warmer than normal surface air temperatures 
and wetter than normal conditions over northern 
Europe (e.g. Hurrell and van Loon 1997, Serreze 
et al. 1997, Alexandersson et al. 1998, Visbeck 
et al. 2003). However, impacts of atmospheric 
circulation pattern depend crucially on local or 
regional details (Hurrell and Deser 2009) and 
according to Blenckner et al. (2004) it appears 
as if the influence of NAO on the local climate is 
less pronounced north of 65°N.
Modelling studies show that AMOC fluctua-
tions have also the potential to influence the 
climate in the Nordic region. Persechino et al. 
(2013) studied the regional impact of AMOC 
variability at the decadal time-scale with the 
IPSL-CM5A-LR model. Their study results show 
that the AMOC impact on surface temperature 
at the decadal time-scale is dominant over the 
North Atlantic. Impact is much weaker over land 
but some marine influenced regions of western 
Europe show weak signal including parts of Scan-
dinavia. The signal of the impact of AMOC vari-
ability on precipitation at the decadal time-scale 
largely resembles the corresponding signal of sur-
face temperature. As for temperature, the impact 
over land can be seen in areas close to the ocean. 
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Fig. 2. Annual mean temperature (°C) of Finland 1900–2012 based on spatially interpolated monthly mean tem-
perature records. Black line indicates annual values and grey line gives smoothed annual values (smoothed with 
21-point binomial filter). Time series was extended at the end points before filtering to make the filtered time series 
cover the whole time range. After Tietäväinen et al. (2010).
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For the Nordic region, the study indicates that in 
the case of strong AMOC there might be drier in 
Norway and wetter in northern Finland. An ear-
lier study by Pohlmann et al. (2006) investigated 
the influence of AMOC on European surface air 
temperature (SAT) by calculating the probabil-
ity density functions (PDFs) of European SAT 
for strong and weak overturning conditions and 
using Atmosphere–Ocean General Circulation 
Model (AOGCM) ECHAM5/MPI-OM. In the 
case of weak AMOC conditions, SAT averaged 
over Europe is colder than in the case of strong 
AMOC conditions, and vice versa. The differ-
ence of mean SAT between years with strong and 
weak AMOC conditions increases from southern 
to northern Europe. According to Pohlmann et al. 
(2006) the difference of the mean precipitation 
between strong and weak AMOC displays also an 
enhancement over northern Europe.
In addition to internal variability, the external 
mechanisms, such as changes in radiative forc-
ing caused by variations in greenhouse gases, 
solar irradiation and volcanic aerosols can affect 
the climate in the Nordic region. According to 
simulations of Gouirand et al. (2007), decadal 
and multi-decadal deviations from the centennial 
cooling–warming pattern in Scandinavia are the 
result of different causes. Some cold intervals 
can be explained with temporary decreases in 
solar radiation and sequences with strong vol-
canic eruption events. Negative phase in NAO 
can also explain especially low winter tempera-
tures through a weakened westerly flow, but also 
cold summer temperature because of the large 
heat capacity of the nearby ocean.
Decadal potential predictability
Decadal predictability has been estimated based 
mainly on modelling studies. Most of the pre-
dictability studies are concentrated at the global 
scale and decadal predictability is found pre-
dominately over the mid- to high-latitude oceans 
(e.g. Boer 2004, Pohlmann et al. 2004, Boer and 
Lambert 2008). In addition to North Atlantic, 
the Southern Ocean has been identified to be the 
most prominent region in decadal predictability 
studies (e.g. Boer and Lambert 2008, Koenigk 
et al. 2011). Climate model studies indicate 
that in these regions the potential predictability 
of decadal variations is due to variations in the 
ocean circulation and heat storage (Pohlmann et 
al. 2004). Several studies agree with the idea that 
predictability at decadal time-scales resides in 
the ocean, where information can be stored and 
later transferred to the atmosphere (Latif et al. 
2006a). According to Boer (2010) internal and 
externally forced variability are both important 
sources of potential predictability in global-scale 
projections. However, at regional level, relative 
importance of these factors varies substantially.
Methods for measuring decadal 
predictability
In the literature usually two types of predictabil-
ity studies are described: potential and classical. 
Decadal potential predictability can be defined 
as the ratio of the variance at decadal time-scales 
to the total variance (Latif et al. 2009).
Potential or diagnostic predictability studies 
(e.g. Boer 2004, Boer and Lambert 2008, Boer 
2010, Persechino et al. 2013) try to quantify the 
fraction of long-term variability from the inter-
nally generated natural variability, which is not 
predictable at long time-scales and considered 
noise. The long-term variability signal that may 
be distinguished from this noise is thought to 
arise from potentially predictable processes in 
the physical system (Latif and Keenlyside 2011).
In classical or prognostic predictability stud-
ies (e.g. Pohlmann et al. 2004, Koenigk et al. 
2011, Branstator et al. 2012, Persechino et al. 
2013) ensemble experiments are performed with 
a single coupled model by perturbing the initial 
conditions. Predictability of a variable is given 
by the ratio of the actual signal variance to the 
ensemble variance. This method assumes a per-
fect model and often near-perfect initial condi-
tions that usually gives an upper limit of predict-
ability (Latif and Keenlyside 2011).
A method called ‘ocean dynamics approach’ 
(Park and Latif 2005) has also been used. This 
method compares the variability simulated with 
and without the ocean–sea ice dynamics and 
identifies those regions in which ocean dynam-
ics are important in generating the decadal-scale 
variability. Those regions are believed to be the 
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regions of high decadal predictability potential.
Persechino et al. (2013) studied decadal 
predictability of AMOC with the IPSL-CM5A-
LR model using both diagnostic and prognostic 
potential predictability measures. Their results 
showed that both diagnostic and prognostic 
approaches generally brought out the same main 
features concerning both temperature and pre-
cipitation predictability. According to Latif et 
al. (2006b), all the three methods (diagnostic, 
prognostic and ocean dynamics approach) yield 
similar patterns of decadal predictability.
Decadal potential predictability in the 
North Atlantic and Nordic Region
Decadal predictability studies done so far were 
mostly concentrated at the global scale. The 
aim was to point out the areas that have most 
potential for decadal predictions. Decadal pre-
dictability studies concentrated especially on the 
Nordic region were not found during this review 
study, but there are several studies that pre-
sent regional information on predictability over 
ocean and land areas in the North Atlantic sector 
(e.g. Collins et al. 2006, Boer 2009, Boer 2010, 
Hermanson and Sutton 2010, Koenigk et al. 
2011, Persechino et al. 2013). A summary of the 
studies is presented in Table 1, with emphasis on 
the Nordic region.
Potential of decadal predictability appears to 
be quite large in the North Atlantic sector. The 
most prominent mechanism driving some of the 
decadal-scale variability seems to be AMOC 
which is a focus of many recent predictability 
studies (e.g. Msadek et al. 2010, Ortega et al. 
2011, Tulloch and Marshall 2012, Persechino 
et al. 2013). Early analysis of Delworth et al. 
(1993) showed that there is a broad resemblance 
between simulated and observed multi-decadal 
SST variability patterns in the North Atlantic and 
that is usually associated with AMOC. Based 
on these results variability of AMOC may be 
predictable at decadal or longer time-scales. A 
multi-model-ensemble study of Collins et al. 
(2006) indicated potential predictability of inter-
annual–decadal AMOC variations for one to two 
decades into the future. Persechino et al. (2013) 
showed that modelled AMOC has an average 
predictive skill of eight years. Studies of Collins 
and Sinha (2003), Sutton and Hodson (2005) and 
Pohlmann et al. (2006) showed that multi-dec-
adal AMOC predictability in the HadCM3 and 
ECHAM5/MPI-OM models leads to some pre-
dictability of European climate. More recently 
Ortega et al. (2011) studied the processes that 
influence predictability of decadal variability 
in AMOC with the ECHO-G coupled climate 
model. They identified two predictors of AMOC 
variability: the anomalous heat flux averaged 
over a region in the Eastern Labrador Sea and 
an anomalous ocean density in a region of the 
Western Irminger Sea. These predictors together 
account for over 80% of the inter-annual vari-
ance of AMOC (Ortega et al. 2011). Thus, most 
state-of-the-art climate models seem to indicate 
that AMOC variations are predictable at decadal 
scales although there are still major uncertainties 
regarding the level and extent of predictability 
of different oceanic and atmospheric variables 
(Latif et al. 2006b).
Boer (2010) estimated the potential predict-
ability of temperature and precipitation and its 
forced and internal components for the first 
part of the 21st century based on simulation 
data from a collection of coupled climate model 
results in the CMIP3 data archive. He used two 
measures of potential predictability. First, the 
multi-decadal view considered the forced com-
ponent to be the difference from the beginning of 
the century. Second, the next-decade view con-
sidered the change in the forced component from 
the previous decade, thus putting emphasis on 
the change from the present rather than from an 
earlier period. Results of Boer (2010) show that 
in case of temperature, the forced component of 
potential predictability is generally largest over 
tropical oceans and declines with latitude being 
relatively low over mid- to high-latitude land. In 
contrast, internally-generated decadal potential 
predictability for temperature is largest over mid- 
to high-latitude oceans. It seems that internally-
generated decadal potential predictability in the 
Nordic region is quite weak (2%–10%), but it 
is still slightly higher as compared with that for 
other land areas (2%–5%) (Table 1). However, it 
should be kept in mind that over land, the long 
time-scale internally-generated variability in 
temperature (the “signal”) is masked by the rela-
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tively strong short time-scale climate variability 
(the “noise”). Decadal potential predictability 
for precipitation for the unforced control climate 
is very weak. There is some, although relatively 
small potential predictability for precipitation 
due to the forced component mainly at middle to 
high latitude land areas (Boer 2010).
In line with previous studies, Persechino et 
al. (2013) found that potential predictability of 
surface temperature over land is less signifi-
cant than over the ocean. Predictability over 
the coastal areas is found to be close to that 
of some of the potentially predictable oceanic 
regions and it is linked with AMOC fluctua-
tions. In the Nordic region, internally-gener-
ated decadal potential predictability of surface 
temperature is 10%–20% in the coastal areas 
close to North Atlantic, and 5%–10% elsewhere 
(Table 1). These results are somewhat more posi-
tive than those of Boer (2010). Potential decadal 
predictability of precipitation is clearly smaller 
than for surface temperature and link to decadal 
AMOC fluctuations is less clear. However, the 
Nordic Seas are the most prominent regions 
where precipitation seems predictable at decadal 
time-scales. Persechino et al. (2013) also found 
convincing evidence that extreme changes in 
AMOC might be potentially predictable up to 
two decades ahead from the monitoring of its 
high-latitude Atlantic precursors (Sea Surface 
Salinity in the Labrador sea and the East Green-
land Current (EGC) index). In line with the 
earlier study of Collins et al. (2006), results of 
Persechino et al. (2013) also show that the initial 
state corresponding to an anomalously strong 
AMOC is more predictable than those corre-
sponding to weak AMOC.
A study of Koenigk et al. (2011) used prog-
nostic methods for analysing the upper limit of 
climate predictability at decadal time-scales and 
its dependency on sea ice albedo parameteri-
zation with two perfect ensemble experiments 
with the global coupled climate model EC-Earth. 
Compared with experiment 1, in experiment 2, 
the sea-ice albedo was reduced by 0.03. Their 
results show that AMOC is highly predictable in 
both experiments and governs most of decadal 
climate predictability in the northern hemisphere. 
They found highest potential predictability for 
2-m air temperature (T2m) over the northern 
North Atlantic and the southern South Atlantic. 
Also sea surface salinity and sea surface temper-
ature show high predictability in these regions. 
Over most land regions, prognostic potential 
predictability of T2m is quite small and not 
significant. However, both experiments show a 
significant predictability of air temperature over 
northwestern Europe and most of the high poten-
tial predictability areas over land are located 
close to high predictability over sea (Table 1). 
In both experiments, precipitation shows largest 
decadal potential predictability in the northeast-
ern North Atlantic and in the Barents Sea region 
as well as in the Labrador Sea. Compared with 
previous studies, results of Koenigk et al. (2011) 
indicate higher decadal predictability over land 
regions. The authors hypothesize that this might 
be due to higher resolution in EC-Earth as com-
pared with that in the models used in most of the 
previous studies.
Hermanson and Sutton (2010) took a perfect 
model-based case study approach to investi-
gate predictability of ocean and climate vari-
ables. They used the Hadley Centre HadCM3 
coupled atmosphere–ocean model. Their results 
indicate that large-scale ocean variables such as 
volume-integrated ocean heat content, salinity or 
AMOC generally show significant predictability 
for several years or more. On the other hand, 
predictability of surface annual-mean climate 
variables is generally limited to two years at 
the most. Their results also indicate that there 
is no significant longer time-scale predictability 
for temperature or precipitation in the Nordic 
region. However, Hermanson and Sutton (2010) 
admitted that a single climate model of modest 
resolution they used and a small number of cases 
is the limitation of their study.
As mentioned before, some studies have 
identified connections between NAO and 
AMOC. According to Latif et al. (2006b) there 
is some evidence from observations of the last 
century and from forced ocean model simula-
tions that the future state of AMOC may be 
predictable from past low-frequency variations 
of NAO. However, when considering predict-
ability in the Atlantic sector, a global approach 
is needed because forcing from the other climate 
patterns in the tropics and extra tropics should 
also be considered.
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Apart from potential predictability, actual 
near-term prediction skill is estimated for exam-
ple in a recent study of Doblas-Reyes et al. 
(2013). Their study illustrates the forecast skill 
of initialized regional near-term climate predic-
tions conducted as a part of the Fifth Coupled 
Model Intercomparison Project (CMIP5). The 
main result is that the climate forecast sys-
tems have a substantial skill in predicting multi-
annual near-surface temperature anomalies at 
regional scales and most of the skill is due to 
changes in atmospheric composition, but also 
partly due to the initialization of predictions. In 
more detail, their results show significant skill in 
the North Atlantic for near-surface temperature 
predictions up to 6–9 years. In the Nordic region 
there is also some positive forecast skill but it 
is not statistically significant. The skill for land 
precipitation is much lower than for near-surface 
temperature, but there is some positive, although 
not statistically significant skill for predictions 
up to 6–9 years especially in the northern hemi-
sphere and also in the Nordic region.
In summary it can be concluded that a poten-
tial for decadal predictability appears to be quite 
large in the North Atlantic sector and predict-
ability is based on the variations of AMOC. This 
potential decadal-scale predictability of AMOC 
might also contribute to predictability in the 
Nordic region, especially the coastal areas close 
to North Atlantic, but any definite conclusions 
cannot be made yet. State-of-the-art climate pre-
diction systems also show a substantial skill in 
predicting near-surface temperature up to 6–9 
years in the North Atlantic. However, it should 
be kept in mind that the models used, the initial 
states employed and the measures of predictabil-
ity differ among studies.
Decadal predictability under global 
warming
There are some studies that consider decadal cli-
mate variability and predictability under global 
warming (e.g. Parker et al. 2007, Boer 2009, 
Boer 2010). For example Parker et al. (2007) 
reviewed the most prominent modes of climate 
variability (e.g. PDO, ENSO, NAO, AMO) in 
the instrumental record and compared these 
with background signal of global warming. 
Their results show that regional climate vari-
ations result from these natural modes of dec-
adal to inter-decadal variability as well as from 
anthropogenically-induced climate change in 
these modes. For example, the increase in NAO 
during 1965–1995 was partly naturally-induced 
but simulations also indicate that anthropogenic 
forcing was affecting the increase (Parker et al. 
2007). According to Hurrell and Deser (2009) 
significant part of global warming in recent 
decades is attributed to decadal changes in two 
dominant climate patterns, NAO and ENSO. 
In addition, Corti et al. (1999) argued that the 
spatial pattern of the response to anthropogenic 
forcing may project principally onto these domi-
nant modes of natural climate variability. Natural 
decadal to multi-decadal climate variability may 
also mask anthropogenic climate change (Latif 
et al. 2006b). Distinguishing the roles of natural 
internal and anthropogenically-forced variability 
is actually one of the major challenges in assess-
ing decadal predictability and making regional 
decadal predictions (e.g. Solomon et al. 2011).
Boer (2009) compared the internally gener-
ated variability of the unforced climate with 
that of the warmer conditions for simulations 
with the B1 and A1B climate change scenarios. 
He investigated the changes in the variability 
of annual mean temperature and precipitation 
and in the variability of decadal potential pre-
dictability based on the collection of coupled 
climate model simulations in the Coupled Model 
Intercomparison Project phase 3 (CMIP3) data 
archive. According to the results of Boer (2009), 
global warming may induce a general decrease 
in decadal potential predictability for tempera-
ture and the decrease seems to be largest over 
the high-latitude oceans. Potential predictability 
of precipitation also decreases although it is 
already small in the beginning. In the Nordic 
region, decadal potential predictability of annual 
mean temperature is 0%–10% and there is no 
predictability for precipitation (unforced prein-
dustrial control simulation). In a warmer world 
(B1 and A1B scenarios) decadal potential pre-
dictability of temperature and precipitation does 
not change or decreases slightly in the Nordic 
region (Table 1). According to Boer (2009) the 
overall decrease in decadal potential predict-
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ability in future, warmer climate indicates that 
decadal potential predictability of the internally 
generated component might decrease. Results of 
Boer (2009) also show that long-term variability 
indices (e.g. AMOC, AMO, ENSO and NAO) 
may change because of global warming.
Weakening of AMOC and associated changes 
in heat transports are noted as a general result in 
warmer world simulations. For example, the 
simulations of Ortega et al. (2012), covering 
the Industrial Era and continuing in the future 
scenarios, show AMOC decreasing finally up 
to 40% when compared with the pre-indus-
trial average. This final weakening is associated 
with a reduced meridional density gradient and 
with decreased convection in the North Atlan-
tic. Therefore, the anthropogenic climate change 
may influence especially the Atlantic sector by 
inducing strong changes in the strength of the 
AMOC which in turn has direct consequences to 
North American and European climates (Latif et 
al. 2006b). However, there are still large uncer-
tainties concerning the response of AMOC to 
global warming.
Decay of ice sheets and associated fresh-
water flux should also be considered in decadal 
predictability studies. According to Vizcaíno 
et al. (2010), ice sheets can modify atmos-
pheric conditions via changes in e.g. albedo 
and orography, and indirectly via changes in 
ocean circulation. For example, Vizcaíno et al. 
(2010) studied the future evolution of global 
ice sheets under anthropogenic greenhouse forc-
ing and its impact on the climate system with 
an Earth system model consisting of a coupled 
atmosphere–ocean general circulation model, 
a dynamic vegetation model and an ice sheet 
model. In their study, the North Atlantic meridi-
onal overturning circulation (NAMOC) weakens 
substantially in just 100 years in all the simula-
tions. Their results show that the freshwater 
fluxes are dominated by increased precipitation 
over the ocean and increased river runoff. The 
freshwater flux from the Greenland ice sheet has 
a minor role. However, the modification of ocean 
density by the increased freshwater flux from 
the Greenland ice sheet seems to play an impor-
tant role in hindering the recovery of the ocean 
circulation (Vizcaino et al. 2010). The experi-
ments of Koenigk et al. (2011) also show that 
decadal variations are substantially smaller in 
the simulations with reduced ice albedo, which 
can be explained by reduced sea-ice thickness in 
these simulations. Koenig et al. (2011) hypothe-
sized that reduced decadal-scale variations in the 
Arctic sea-ice volume reduces sea surface tem-
perature and salinity variations in the Labrador 
Sea which in turn reduces the decadal variability 
of AMOC. This reduces temperature variations 
in mid- and high-latitude northern hemisphere 
regions. According to Latif and Keenlyside 
(2011) virtually all climate models consider-
ably underestimate the observed Arctic sea-ice 
decline during the recent decades in the so-
called 20th century integrations with prescribed 
(known natural and anthropogenic) observed 
forcing. This indicates that the simulations of 
future changes in ice sheets are still uncertain.
Decadal prediction
Seasonal prediction is considered an initial value 
problem (the evolution of the atmosphere-ocean 
system is largely determined by the initial con-
dition) unlike centennial projection, which is a 
boundary value problem (the system evolution 
depends on the external forcing and formulation 
of boundary condition) (e.g. Palmer et al. 2004, 
IPCC 2007). Prediction of climate on decadal 
time-scales is somewhere between seasonal and 
centennial scales and produces both an initial 
and boundary value problems (Fig. 3).
In decadal prediction, initialization of climate 
models offers the potential to make predictions 
of internal variability in addition to external 
forcing. One of the major issues is the initiali-
zation technique used in predictions. The two 
main approaches are full-field initialization (in 
which an estimate of the observed climate state 
is used to initialize the model), and anomaly 
initialization (which uses estimates of observed 
ocean and sea ice anomalies on top of the model 
climatology) (e.g. Hazeleger et al. 2013). A com-
parison of the two methods shows that full-field 
initialization provides more skilful predictions at 
the seasonal time-scale (e.g. Smith et al. 2013a) 
but at the decadal time-scales the two methods 
show similar prediction skill (e.g. Hazeleger et 
al. 2013, Smith et al. 2013a). However, accord-
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Time
Decadal
predictions
Initial value problem
Boundary value problem
Daily weather
forecasts 
Multidecadal to
century projections
Seasonal
predictions
Fig. 3. Illustration of initial 
value problems with daily 
weather forecasts at one 
end, and multi-decadal to 
century projections as a 
boundary value problem 
at the other, with seasonal 
and decadal predictions 
in between. Adapted from 
meehl et al. (2009).
ing to Hazeleger et al. (2013), anomaly initiali-
zation shows poorer skill in some regions (e.g. 
North Atlantic).
Initialized predictions should better quantify 
the uncertainty range in the near future by taking 
into account internal variability and the mean 
forced response. However, climate models are 
not perfect and when initialized with observa-
tions, they tend to drift towards their own and 
biased climatology (Meehl et al. 2009). Pioneer-
ing studies of Smith et al. (2007), Keenlyside et 
al. (2008) and Pohlmann et al. (2009) examined 
the impact of initial conditions on decadal the 
prediction skill with a coupled GCM. In general, 
these studies indicate that initialization improves 
the decadal prediction skill of climate variables. 
Results of Keenlyside et al. (2008) even indicate 
that initialization leads to a significant enhance-
ment in the skill in the Nordic region. In contrast, 
Smith et al. (2007) does not suggest significant 
impact of initialization on the prediction skill for 
annual mean temperature in the Nordic region 
and results even show that in some regions 
initialization can lead to a decrease in the skill. 
Hermanson and Sutton (2010) showed that based 
on knowledge of initial conditions, climate vari-
ables are generally not predictable more than 
two years ahead, and only rarely predictable 
more than one year ahead. This discrepancy 
suggests that an improved skill in initialized pre-
dictions and hindcasts may arise from removing 
biases that exist in uninitialized climate models 
(e.g. Hermanson and Sutton 2010, Solomon et 
al. 2011).
In a recent study, Matei et al. (2012) inves-
tigated how two different ocean initializations 
(GECCO ocean reanalysis and an ensemble of 
ocean-forced experiments) impact the quality of 
decadal hindcasts performed with the ECHAM5/
MPI-OM coupled model. Results show that ini-
tialization considerably increases the predictive 
skill of SST up to a decade ahead over the North 
Atlantic, central North Pacific, and the Mediter-
ranean region. They found also a predictive skill 
of land surface air temperature at a decadal time-
scale in several land areas including northwest-
ern Europe. Branstator et al. (2012) also quanti-
fied the initial-value predictability properties of 
six AOGCMs to help determine the benefit from 
initializing decadal predictions with the observed 
state of the climate system. Their results show 
that with a typical model and typical initial 
conditions predictability in upper-ocean condi-
tions resulting from initialization lasts for about 
a decade in the North Atlantic, and somewhat 
less in the North Pacific. In line with many 
other studies, their study indicates that resources 
should be devoted to development of initializa-
tion of decadal predictions. On the other hand, 
it is highly uncertain to quantify the added value 
of these investments since the modelling results 
vary substantially (Branstator et al. 2012).
There are still many open questions concern-
ing initialization. For example, impact of many 
processes in decadal predictions is still unsolved 
(such as sea ice and ocean conditions under the 
sea ice, snow cover and its modeling, frozen 
soil, soil moisture, stratospheric processes, land 
surface and vegetation). Initialization of these 
factors may have potential to contribute to the 
predictive skill. It has also been suggested that 
the skill of decadal prediction may depend on the 
initial state (e.g. Collins et al. 2006, Koenigk et 
al. 2011, Persechino et al. 2013). For example, 
AMOC seems to be more predictable if ini-
tialized from anomalously strong versus weak 
phase. Initialization is also substantially ham-
pered by the lack of subsurface ocean observa-
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tions and imperfect initialisation may lead to 
degradation of the forecast skill (e.g. Solomon 
et al. 2011). Furthermore, it is not entirely clear 
which is the best method for initialization.
In decadal prediction it is important to con-
struct ensemble forecasts to sample the pos-
sible outcomes consistent with uncertainties in 
initial states and the model (Meehl et al. 2009). 
Constructing ensembles from different available 
GCMs has been shown to provide improved esti-
mates of uncertainty as compared with single-
model ensembles using only perturbed initial 
conditions (Hagedorn et al. 2005). Stochastic-
dynamic parameterization schemes have also 
been proposed in this context to provide uncer-
tainty estimates in decadal climate predictions 
(Palmer et al. 2009). Stochastic-dynamic meth-
ods are based on the fact that the climate system 
has components with different internal time-
scales: fast components are treated as stochastic 
processes and the slow ones evolve follow-
ing dynamical equations with stochastic forcing 
(Hasselmann 1976). There are also some statisti-
cal methods (such as lagged correlations, linear 
inverse modelling, and constructed analogues) 
that are found to have significant skill in predict-
ing the internal variability of Atlantic SSTs for a 
decade ahead (Hawkins et al. 2011).
There is a broad set of decadal experiments 
conducted as part of CMIP5 (Coupled Model 
Intercomparison project) (Table 2). There are 
two core experiments, 10 and 30 year hindcasts 
(i.e., a “prediction” of the observed climate his-
tory of the recent past), or predictions. Ten-
year simulations are initialized at least in every 
five years starting from 1960 and these experi-
ments are meant for assessing the model skill in 
forecasting climate change at time-scales when 
the initial conditions drive the future evolution 
(Taylor et al. 2009). These experiments also try 
to increase the knowledge on decadal predict-
ability and the best ways to initialize models in 
decadal predictions. The other core experiments 
extend the simulations initialized in years 1960, 
1980 and 2005 to 30 years. These 30-year simu-
lations explore the predictability and prediction 
in a longer time-scale when the external forc-
ing from increasing greenhouse gas concentra-
tions should become more important (Taylor et 
al. 2009). In these core experiments, volcanic Ta
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aerosol and solar cycle variability is prescribed 
using actual values for the past and assuming a 
climatological 11-year solar cycle and no vol-
canic eruptions in the future (Meehl et al. 2009). 
There are also few additional experiments that 
are hindcasts without volcanoes and predictions 
with the 2010 Pinatubo-like eruption.
Many of the forecasting centres that have 
produced decadal hindcasts for CMIP5 have also 
made experimental decadal predictions in real-
time. There has been international activity to 
collect the predictions in a multi-model data set 
and results of these experimental decadal predic-
tions are presented in Smith et al. (2013b). Pre-
dictions comprise 9 dynamical climate models 
and 3 empirical techniques. They are initialized 
in the year 2011 and made for 5-year periods 
2012–2016 and 2016–2020. Predictions of AMV 
and PDV show no signal beyond climatology 
after the year 2015, but the Niño3 region is 
predicted to warm 0.5 °C during the coming 
decade. Results also show that initialized fore-
casts of globally averaged temperature are sig-
nificantly cooler than uninitialized projections, 
consistent with the results of Meehl and Teng 
(2012). However, the global mean temperature is 
predicted to continue to rise with a 50% chance 
of every year after 2013 to exceed the current 
record. Uncertainties are still large for individual 
years and in most regions initialization has little 
impact after 4 years.
Challenges in decadal predictability and 
predictions
There are still many challenges and unsolved 
issues in decadal climate predictions and pre-
dictability. The uncertainties that are affecting 
climate projections for the 21st century are also 
affecting decadal climate predictions and pre-
dictability studies. These uncertainties arise from 
three sources: internal variability, model uncer-
tainty and scenario uncertainty (Fig. 4). Accord-
ing to Hawkins and Sutton (2009), for lead times 
of the next few decades the main sources of 
uncertainty are internal variability and model 
uncertainty. For decadal time-scales and regional 
spatial scales the model uncertainty is more 
important. At longer lead times (more than 50 
years) the emissions scenario uncertainty gener-
ally becomes dominant.
The main challenges have been already 
summed up in several studies and are now 
presented here following Meehl et al. (2009), 
Keenlyside and Ba (2010), Latif and Keenlyside 
(2011), Mehta et al. (2011) and Solomon et al. 
(2012):
i. Mechanisms of decadal climate variability 
are not well understood and the coherence 
among the climate models is limited. Interac-
tion between natural and externally forced 
variability and sources of potential predict-
ability should be identified.
ii. There are systematic errors in models that 
affect predictions and these errors should be 
identified, understood and corrected. Higher 
resolution is needed and parameterizations 
and coupling of additional climate subsys-
tems should be improved.
iii. Lack of observations, especially in the ocean, 
are limiting forecast verification as well as 
development and testing of initialization and 
prediction systems. The instrumental record 
is short and properly covers only a few full 
cycles of decadal variability. It is crucial to 
maintain and enhance the existing observa-
tion systems.
Total
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Fig. 4. The relative importance of different sources of 
uncertainty in decadal global mean surface tempera-
ture projections. Fractional uncertainty is the prediction 
uncertainty divided by the expected mean change of 
variable relative to 1971–2000. Adapted from Hawkins 
and sutton (2009).
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iv. Long-lasting effects of solar and volcanic 
activity should be considered in decadal pre-
diction models although they cannot be pre-
dicted.
v. Societal usefulness of decadal climate pre-
dictions should be elevated.
Despite all the challenges, some improve-
ments have also occurred during the last decade 
such as the availability of enhanced ocean obser-
vations with the Argo array (www.argo.ucsd.
edu). It is a global array of over 3000 free-drift-
ing profiling floats that measure the temperature 
and salinity of the upper 2000 m of the ocean. 
This allows continuous in situ monitoring of 
temperature, salinity, and velocity of the upper 
ocean. It is likely that decadal climate predic-
tions will benefit from the Argo data. On the 
other hand, the Argo data have only been avail-
able for approximately 10 years and it will take 
time until they can be used for verification of 
decadal predictions. However, there are already 
some results showing the benefits of the Argo 
data: for example in Zhang et al. (2007) AMOC 
is successfully reproduced only when the Argo 
observations are included in the simulations.
Summary and discussion
Decadal prediction is a new field of Earth science 
that is trying to bridge the gap between seasonal 
to inter-annual forecasting and climate change 
projections. Decadal predictions have a time 
perspective of 10–30 years into the future, which 
is a time-scale important for making societal 
adaptation decisions. This paper has reviewed 
the level of decadal predictability with emphasis 
on the Nordic region.
Understanding the mechanisms behind cli-
mate variability is important in making dec-
adal predictions and assessing decadal predict-
ability potential. Climate variability may be due 
to natural internal processes within the climate 
system, or to variations in natural or anthro-
pogenic external forcing. The relative roles of 
internal and external processes in driving dec-
adal and multi-decadal climate variations are not 
well understood and more precise quantification 
is needed. In addition to observations, modelling 
studies are often used for studying decadal scale 
climate fluctuations.
In the North Atlantic, there is strong decadal 
to multi-decadal variability. The most promi-
nent internal mechanisms associated with this 
variability are the North Atlantic Oscillation and 
the Atlantic Meridional Overturning Circula-
tion (AMOC). These internal mechanisms also 
affect climate variability in the Nordic region: a 
positive NAO index in winter and strong AMOC 
conditions are associated with higher surface 
temperatures and more precipitation than aver-
age. However, impacts of atmospheric circula-
tion pattern may depend crucially on the local or 
regional details.
There is evidence that climate is predictable 
at decadal time-scales. Internal and externally 
forced variability are both important sources of 
potential predictability, but at a regional level, 
relative importance of these factors varies sub-
stantially (Boer 2010). Most of the decadal-
predictability studies were carried out at the 
global scale, but decadal predictability is found 
predominately over mid- to high-latitude oceans 
(e.g. Boer and Lambert 2008). Over land pre-
dictability is usually low. The studies reviewed 
in this article indicate that potential of decadal 
predictability appears to be quite large in the 
North Atlantic sector and predictability is mainly 
based on the variations of AMOC. Some studies 
also indicate that AMOC predictability leads to 
some predictability of European climate (Collins 
and Sinha 2003, Sutton and Hodson 2005, Pohl-
mann et al. 2006). This potential decadal-scale 
predictability of AMOC might also contribute 
to predictability in the Nordic region, especially 
the coastal areas close to the North Atlantic (e.g. 
Koenigk et al. 2011, Persechino et al. 2013), but 
any robust conclusions cannot be made based on 
the current knowledge.
The prediction of climate at decadal time-
scales is somewhere between seasonal and cen-
tennial scales and presents both an initial and 
boundary value problem. Initialization of cli-
mate models has been suggested to significantly 
increase the decadal prediction skill over the 
North Atlantic (e.g. Smith et al. 2007, Keenly-
side et al. 2008). For example, a recent study 
of Doblas-Reyes et al. (2013) shows a signifi-
cant skill in the North Atlantic for near-surface 
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temperature predictions up to 6–9 years. It has 
also been suggested that the skill of decadal 
prediction may depend on the initial state (e.g. 
Persechino et al. 2013) and AMOC seems to 
be more predictable if initialized from anoma-
lously strong phase rather than from a weak 
phase. Based on the study results, it is not clear 
how initialisation affects the prediction skill in 
the Nordic region and there are still many open 
questions concerning initialization.
The main challenges associated with dec-
adal predictions and predictability studies are 
poor understanding of mechanisms of decadal 
climate variability, systematic errors and need 
for improvements in models, lack of observa-
tions (especially in the ocean) and how to take 
into account the long-lasting effects of solar 
and volcanic activities. The societal usefulness 
of decadal predictions should also be elevated. 
Interactions between natural internal variability 
and anthropogenically-induced global warming 
are also important in assessing decadal predict-
ability and making regional decadal predictions. 
According to Boer (2009) global warming may 
induce a general decrease in decadal poten-
tial predictability and the decrease seems to be 
largest over high latitude oceans. For example, 
weakening of AMOC is noted as a general result 
in warmer world simulations and this may have 
consequences also for climate in the Nordic 
region, although the response is still uncertain. 
Weakening of AMOC may result from decay 
of ice sheets and associated fresh-water flux 
(Vizcaíno et al. 2010) as well as reduced varia-
tions in sea surface temperature and salinity in 
Labrador sea (Koenigk et al. 2011). Natural 
decadal to multi-decadal climate variability can 
also mask anthropogenic climate change (Latif 
et al. 2006b).
Based on the current knowledge, there are 
still large uncertainties concerning decadal pre-
dictability in the Nordic region. However, close-
ness to the North Atlantic sector, which is the 
area of high potential decadal predictability, 
indicates that there might be some potential for 
making decadal predictions in this region.
Decadal predictions would offer valuable 
information for the society in making adaptation 
decisions. For example, the energy sector would 
benefit of guidance on climate variations in the 
following decades when making decisions on 
investments in energy production capacities. Cli-
mate conditions will also determine the usage of 
the carbon-intensive capacity, and therefore the 
decadal climate predictions are needed to pro-
duce the emission predictions from this sector.
As decadal predictability information in the 
Nordic region does not really exist or it is highly 
uncertain, there is a need for basic research 
in this field. For example data mining of the 
atmospheric data of the past millennium (CMIP5 
and the COSMOS millennial-scale ESM simula-
tions) could be conducted to find the predictable 
decadal climate signals for the Nordic region and 
to search for factors that are potentially related 
to predictable events. The topics for further 
research would also cover for example analysis 
of decadal climate variability and its relation to 
boreal biosphere as well as energy production 
and demand conditions.
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